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ABSTRACT
Hydrocortisone has frequently been hypothesized to 
increase arousal. This hypothesis was primarily based on 
the findings of increased adrenal size in animals who 
had been exposed to stressful conditions and the enhance­
ment or impairment in cognitive abilities of humans 
depending on dose. There has been a lack of studies 
directly looking at the arousal hypothesis of the effects 
of hydrocortisone. The purpose of this study was to 
d:rectly assess the effects of hydrocortisone on levels 
of arousal by manipulating both state and trait arousal. 
This study used caffeine as a comparison drug that alters 
state arousal because of its widely accepted arousing 
properties. Subjects were also separated according to 
trait arousal using the Eysenck Personality Inventory- 
Impulsivity Subscale.
One hundred and twenty male college students were 
used as subjects. As was lentioned above, the subjects 
were divided according to their level of trait arousal. 
The doses used for this study were 5 mg of hydrocortisone 
40 mg of hydrocortisone, 2 mg/kg of caffeine, and a 
placebo. Thirty minutes after the ingestion of the 
hydrocortisone, caffeine, or placebo, the subjects heard
v m
8 word lists, each containing 12 words. Four lists were 
heard at a -slow rate and four lists at a fast rate. Sub­
jects heard one list at a time, followed immediately by a 
written recall test. Subjects' recall was again tested 
60, 90, 120, and 150 minutes post ingestion.
The proportion of words recalled from the primacy, 
middle, and recency portion of each list was computed. A 
4 (Treatment) X 2 (Impulsivity) X 4 (Practice) X 2 (Rate)
X 3 (Serial Position) mixed ANOVA was conducted on the 
immediate recall data. A 4 (Treatment) X 2 (Impulsivity)
X 4 (Delay Interval) X 3 (Serial Position) mixed ANOVA was 
computed on the delayed recall data.
A treatment by impulsivity interaction and a treat­
ment by rate interaction were found with the immediate re­
call data. The 40 mg dose of hydrocortisone impaired high 
impulsive subjects’ performance while caffeine enhanced 
low impulsive subjects' performance. High impulsive sub­
jects recalled more words than low impulsive subjects in 
the placebo condition. The 40 mg dose of hydrocortisone 
impaired subjects' performance at the slow rate of pre­
sentation and caffeine facilitated recall at the fast rate 
of presentation. In addition, a marginal main effect of 
treatment was found with the delay data such that caffeine 
facilitated recall and the 40 mg dose of hydrocortisone 
impaired recall. The results were discussed with regard 
to their fit to an arousal model.
xx
INTRODUCTION
Glucocorticoids
The pituitary-adrenal cortical system and its effects 
on psychological factors have been the most widely studied 
of all the endocrine systems (Mason, 1968). Two main 
types of hormones are secreted by this system, tropic 
hormones, secreted mainly by the pituitary gland, and 
target gland hormones, secreted by glands other than the 
pituitary. Adrenocorticotropic Hormone (ACTH), Growth 
Hormone (GH), Follicle-Stimulating Hormone (FSH), and 
Thyroid Stimulating Hormone (TSH) are examples of tropic 
hormones (Brown & Barker, 1966). The target organs 
typically influenced by the tropic hormones are the 
thyroid, adrenal cortex, ovary, and testes. A negative 
feedback system exists between these two classes of 
hormones in that an increase in target gland hormone 
results in a decrease in tropic hormone (Williams,
1974).
The adrenal glands are located on top of the 
kidneys and the adrenal cortex, which is the outer layer 
of the adrenal gland, secretes steroid hormones such 
as cortisol (in man), corticosterone (in the rat), 
dehydrocorticosterone, and aldosterone. The human
1
2adrenal cortex secretes cortisol in the greatest volume 
and it is the most potent glucocorticoid- Normally 
cortisol is only secreted in response to ACTH and the 
output of ACTH is regulated by cortisol, diurnal 
variation, and stress. Weitzman, Fukishima, Nogrize, 
Roffwung, Gallagher, and Heilman (1971) found both an 
episodic release and an early morning spike in release 
of cortisol at approximately 8 a.m. An individual 
typically responds to stress with an increase in both 
cortisol and ACTH (Mason, 1968).
Hydrocortisone has important metabolic effects on 
most tissues of the body (Liddle, 1981) and it is respon­
sible for such activities as the transfer of glucose 
into the blood and its direction to critical organs such 
as the brain (Williams, 1974) and the acceleration of 
carbohydrate metabolism and protein metabolism. 
Glucocorticoids are used medically to suppre;s immune 
responses, and to combat stress such as surgical chock, 
pain, intense emotional stress, extreme cold, and in­
flammation associated with infection (Liddle, 1981).
Glucocorticoids are also influential in the control 
of behavior (Beckwith, Lerud, Antes, & Reynolds, 1983; 
Beckwith, Petros, Scaglione, & Nelson, 1986; Bohus, 
de Kloel, & Veldhuis, 1982) and it has been hypothesized 
that many of this steroid's behavioral actions are 
mediated by means of their alteration of hippocampal
3
functions, (Bohus et al., 1982; McEwen, 1982) . Because 
glucocorticoids influence behavior and the brain, it 
follows from this that the glucocorticoids may influence 
the process of learning and memory. Support for this 
hypothesis have been provided by the many animal studies 
that suggest that glucocorticoids do regulate learning 
and memory (Applezweig & Baudry, 1955; Weiss, McEwen, 
Silva, & Kalkut, 1970; Barondes & Cohen, 1968; Nakajima, 
1976; Flood, Jarvik, Bennett, Orme, & Rosenzweig, 1977).
In addition, there are a limited number of studies that 
suggest that cortisol may modulate sensation, learning, 
and memory in humans (Henkin, 1970, 1975; Kopell, Wittnes, 
Lunde, Warrick, & Edwards, 1970; Beckwith, Lerud,
Antes, & Reynolds, 1983; Beckwith, Petros, Scaglione, & 
Nelson, 1986) .
Animal Studies
Although Uno (1922) found an increase in pituitary 
weight in rats following a 6 hour period of excitement, 
much of the impetus for the study of hormones of the 
pituitary adrenocortical axis comes from work done by 
Selye (1936, 1956). Selye (1936) found morphological 
changes in rats' adrenal gland after exposure to various 
nonspecific stressful experimental conditions. For 
example, when rats were exposed to cold, surgical 
injury, spinal shock, excessive muscular exercise, or 
sublethal doses of drugs he found the adrenals to be
4
greatxy enlarged.' In these work's, Selye (1936 , 1956) 
described the General Adaptation Syndrome which consists 
of three stages: the alarm reaction (6-48 hours), the 
stage of resistance (beginning at 48 hours), and the 
stage of exhaustion. Selye (1936) hypothesized that 
during the second stage of resistance the anterior pitui­
tary ceases production of growth hormone while increasing 
production of glucocorticoids from the adrenals.
During the 1950s, until approximately 1955, studies 
focused on the nonspecific effects of stress on adreno­
cortical activity. For example, Clarke (1953) reported 
adrenal gland enlargement resulting from fighting in 
voles and Christian (1955) found a direct relationship 
between population density and adrenal weight in mice, in 
which adrenocortical hypertrophy was found in animals 
living in crowded conditions. More evidence for increased 
adrenal activity as a result of stressful conditions was 
found by Christian and Davis (1956) , Barnett (1958) , 
Thiessan et al. (1962), Bronson and Eleftheriou (1963), 
Welch (1962) and Mason (1968) . This increase was 
demonstrated under both laboratory and field conditions.
Christian and Davis (1956) studied rats in their 
natural environment in 21 blocks of Ba’timoie, each city 
block and its populacion of rats formed a discrete 
population unit. In these groups of rats there was a 
positive relationship between the weights of the adrenal
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glands in rats adjusted for body length and stages of 
population gr-^th. There was a progressive increase in 
adrenal weight in both sexes as population status pro­
gressed from low increasing through high increasing. 
Barnett (1958) found that groups of adult, male, labora­
tory rats, who were initially strangers to each other, 
will live together in large cases with little or no fight 
ing. This was found provided that none of the rats had 
experience in the cage before the beginning of the experi 
raent. By contrast, if females were present, most of the 
males lost weight and many died. If an adult male was 
put in an established colony at least one of the resident 
males attacked it, usually killing the newcomer. In this 
experiment, it was reported that the adrenal glands of 
males in the mixed colonies are larger than those of 
males in the all male colonies or of controls kept in 
small cages.
Thiessen, Zolman, and Rodgers (1962) studied the 
relation between adrenal weight, brain cholinesterase 
activity, and hole-in-the-wall behavior of mice under 
different living conditions in the laboratory. The 
experimenters used five different living conditions 
differing in size of the cage and/or stimulation. The 
group housed, extra stimulation animals showed both 
the shortest running time in the hole-in-the-wall 
apparatus and an increase in both adrenal weight and
6
subcortical cholinesterase activity suggesting a relation­
ship between stressful housing conditions and adrenal 
activity. Bronson and Eleftneriou (1963) found an 
increase in adrenal weight of house mice when exposed to 
increasing density, trained fighter mice, or cold. They 
also found an increase in adrenal weight of laboratory 
mice when exposed to the trained fighter mice or cold. 
Finally, Welch (1962) found increased adrenal activity 
with an increase in population of wild deer and Mason 
(1968) found similar results in laboratory monkeys living 
in different sized groups.
During the early fifties, more specific questions 
were formulated about the effects of these hormones, ACTH 
and glucocorticoids, on learning. The earliest studies 
were undertaken with the surgical removal of the pituitary 
(hypophysectomy), which reduces the level of ACTH, 
followed by testing in both active and passive avoidance 
situations. It was discovered that in both situations 
acquisition was retarded while extinction was facilitated 
(Applezweig & Baudry, 1955; Weiss, McEwen, Silva, &
Kalkut, 1970) and that these differences were eliminated 
during replacement of ACTH (Applezweig & Baudry, 1955; 
Weiss et al., 1970). Conversely an increase in hormone 
levels above normal was found to retard extinction. 
Applezweig and Baudry (1955) studied hypophysectomized 
and control rats in an active avoidance taok. They
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found a significant increase in the percent of conditioned 
avoidance responses in the control group while the gain 
in avoidance responses in the treated group failed to 
meet a minimal criterion of significance. In a second 
experiment while adding two groups, one hypophesectomized 
and one nonoperated group both receiving injections of 
ACTH. The results of the second study showed the number 
of trials to reach the criterion in the four groups was 
in the direction of their hypothesis that exogenous 
administration of ACTH would reverse the effects of re­
moving the pituitary.
Weiss et al. (1970) found that hypophesectomized
rats showed attenuated avoidance behavior, using both 
active and passive avoidance tasks, when compared to 
normal rats. Both tasks were used to determine if the 
treatment effects could be due to differences in motor 
activity. In the second part of this study hypophesec­
tomized subjects were given either an intraperitoneal 
injection of ACTH or saline. Replacement of ACTH en­
hanced the poor avoidance responding of the hypophesec­
tomized rats.
Murphy and Miller (1955) studied ACTH's effect on 
an active avoidance task with rats. They conducted two 
experiments, one in which the ACTH was administered to 
the animals during the conditioning period, the other 
consisted of the animals receiving ACTH during extinction.
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The animals were given a daily subcutaneous injection of 
5 mgm of ACTH suspended in a gelatin vehicle. They found 
that the animals treated with ACTH during the condi­
tioning period responded significantly longer in extinc­
tion than the animals that were given a gelatin vehicle. 
There was not a significant difference between these 
two groups when ACTH and the placebo were administered
during extinction. The acquisition of the avoidance*
response was not affected by the treatment with ACTH in 
either study.
A later study by Miller and Ogawa (1962) was designed 
to determine whether ACTH has an effect on avoidance 
behavior of adrenalectomized rats. They felt that if 
this effect was shown, it would support the hypothesis 
of an extraadrenal action of ACTH. An active avoidance 
task was used in this study. One of two randomly se­
lected groups of adrenalectomized rats were given an 
intramuscular injection of 5.0 mg/kg of body weight of 
ACTH with a gelatin vehicle. These treatments were ad­
ministered daily, 90 minutes before the test trials were 
begun. Using this procedure the experimenters found no 
effect of ACTH on acquisition while the ACTH group per­
formed significantly more avoidance responses and re­
quired more extinction trials to criterion than did the 
placebo control group.
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Since avoidance behavior may be motivated by fear 
and reinforced by the reduction of fear, it is possible 
that ACTH has some direct effects on fear and arousal.
As the above studies have shown, ACTH has been found to 
enhance poor avoidance conditioning in hypophesectomized 
animals and to prolong the responding of intact animals 
during extinction of avoidance behavior. These findings 
suggest that ACTH increases arousal which leads to an 
increase in generalized fear in fear situations.
However, because of the negative feedback relation­
ship between ACTH and cortisol these studies simultane­
ously varied both ACTH and the glucocorticoids. To deter­
mine the effects of one of these hormones independent of 
the other, a manipulation was needed that differentially 
affected ACTH and the glucocorticoids. The surgical re­
moval of the adrenals results in a decrease of gluco­
corticoids and an increase in ACTH. Studies have found 
that this procedure was followed by an increase in time 
for acquisition (Beatty, Beatty, Bowman, & Gilchrist,
19 70) ‘and retention of passive and active avoidance 
responses (Weiss et al., 1970). Beatty et al. (1970) 
used an active avoidance task to study the effects of 
adrenalectomy on acquisition of this conditioned 
response. This procedure, which resulted in minimal 
plasma levels of adrenocortical hormones and, it was 
assumed, elevated levels of ACTH, resulted in
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significantly faster acquisition of the active avoidance 
response. Weiss et.al. (1970) found that adrenalec- 
tomized rats more consistently displayed the appropriate 
passive avoidance response when compared to hypophesec­
tomized rats and responded significantly longer during 
extinction of the passive avoidance response when com­
pared to normal and hypophesectomized rats. They also 
displayed significantly longer active avoidance responding 
when compared to both normals and hypophesectomized rats.
Bohus (1970) found a rapid fall in avoidance per­
formance and,a facilitation of extinction of the avoid­
ance response in rats with cortisone implants in their 
brains. In this study, Bohus (1970) trained male albino 
rats to avoid an electric shock by jumping onto a pole. 
After the rats obtained a criterion of learning, 
crystalline cortisone acetate or cholesteral was im­
planted bilaterally in the rats' brain. Reconditioning 
was begun the following day. There was no difference in 
the conditioned avoidance response of rats bearing cor­
tisone implants in different forebrain and diencephalic 
structures and rats with cortisol implants in the same 
region. There was a rapid fall in avoidance performance 
in rats having cortisone implants in the centro-median- 
parafasacular region of the medial thalamus or in the 
rostral septal area of the brain. Avoidance extinction
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was facilitated in the rats with cortisone implants in 
the anterior hypothalamus or the amygdala.
Other studies have found that subcutaneous injec­
tions of corticosterone or cortisone for 12 to 14 days 
during extinction results in a dose dependent facilita­
tion of extinction of a conditioned avoidance response 
(DaWl.»*d, Ho Hu h , l arovan , 1967; W i rntitrmrw ,
1970). Wimersma Greidanus (1970) administered either a 
placebo, 0.1 mg, or 0.5 mg of cortisone to rats to deter­
mine the effects of this steroid on an active avoidance 
pole jumping response. This study demonstrated that 
the animals receiving corticosterone completed extinction 
significantly faster than the control group. The 
steroid’s effect appeared to be dose dependent, the 0.5 
mg group completing extinction significantly faster than 
the 0.1 mg group. The facilitative effect of cortisone 
and corticosterone is not due to a decrease in level of 
AGTH because the adrenocortical steroids also facilitate 
extinction of conditioned avoidance responses in hypo- 
physectomized rats (DeWied et al., 1967).
These studies using the avoidance conditioning 
paradigm are thought of as providing a test of memory.
In a typical avoidance task, there are two compartments, 
one of them ’safe,’ the other the shock compartment. For 
example, the active avoidance contingencies consist of 
placing the animal in the shock compartment and after a
12
period of time a signal for the avoidance response is pre­
sented. The animal is then required to cross into the 
safe compartment within a set period of time to avoid 
the shock. Of course, the animal must learn these con­
tingencies, i.e., if it does not cross soon after the 
signal it will be shocked, and it must 'remember' this 
contingency to consistently avoid the shock. This is the 
reasoning behind the hypotheses that ACTH improves recall 
because it delays the extinction of the avoidance 
response and that glucocorticoids inhibited recall be­
cause these steroids have been found to accelerate the 
rate of extinction for the avoidance response.
Studies that more directly assessed the effects of 
glucocorticoids on memory showed an increase in retention 
of a discriminative operant conditioning task in mice 
that had received a post training injection of corti­
costerone (Micheau, Destrade, & Soumireu-Mourat, 1981). 
Micheau et al. (1981) studied the effects of a 1.0 mg
dose of corticosterone on operant conditioning with a 
continuous schedule of reinforcement and, in a second 
experiment, on an operant discriminative task. There were 
no treatment effects in the continuous reinforcement 
task. In the discriminative operant conditioning task, 
the positive stimulus (signaling the availability of 
reinforcement) was a bright light presented in front of 
the lever and a buzzer presented simultaneously. The
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condition of the first experiment, the simultaneous pre­
sentation of diffuse illumination and white noise, served 
as the negative stimulus. After pretraining, each ani­
mal was given a 20 minute session every 24 hours for 
three days and was injected intraventricularly at the 
termination of the first and second sessions. The re­
searchers found that this treatment facilitated retention, 
reporting that the improvement related to a suppression 
of nonreinforced responses when compared to a control 
group.
An even more direct study of the effects of the 
glucocorticoids on memory processes assessed the effects 
of glucocorticoids and dextroamphetamine on cycloheximide 
induced amnesia (Barondes & Cohen, 1968). Mice were 
trained to escape shock by choosing the lighted limb of 
a T-maze or, in a second experiment, to choose the left 
limb of a T-maze for water reinforcement. Mice injected 
with the 0.12 gm/km dose of cycloheximide 30 minutes be­
fore training learned normally and remembered normally 
three hours after training but had markedly impaired 
memory six hours after training and thereafter. Adminis­
tration of 0.1 ml of a glucocorticoid mixture containing 
5 mg each of hydrocortisone and corticosterone per ml of 
dimethylsulfoxide three hours after cycloheximide injec­
tion significantly improved retention when the mice were 
tested six hours and again seven days after training.
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Similar results were found with a 1 mg/kg dose of dextro­
amphetamine. In a more recent study, Nakajima (1976) 
also found that corticosterone and hydrocortisone blocked 
cycloheximide induced amnesia when administered after 
passive avoidance training. These results appear to 
contradict the earlier extinction studies which suggested 
that the glucocorticoids interfere with memory.
A study using active and passive avoidance training 
(Flood, Vidal, Bennett, Orme, Vasquez, & Jarvik, 1978) 
assessed the effects of a large posttraining administra­
tion of corticosterone and hydrocortisone and found that 
these steroids facilitated subsequent retention of poorly 
trained mice one week after training and drug administra­
tion. Studies investigating the extinction of avoidance 
behavior suggested that corticosterone interfered with 
memory processes, i.e., speeds up extinction, which would 
lead to the conclusion that the glucocorticoids should not 
have anti-amnesic effects. As the above studies indicate 
this clearly is not the case. The above studies directly 
assessing the glucocorticoids' effect on memory show 
that these steroids improve retention in animals that 
have drug induced amnesia.
Plasma corticosterone levels were also measured in 
the mice after they were trained and injected with 
anisomycin, cycloheximide, or saline (Flood, Vidal, 
Bennett, Orme, Vasquez, & Jarvik, 1978). The data
15
showed that the inhibitor drugs prevented increases in 
corticosterone level when compared to the saline controls 
immediately after injection and twenty minutes after in­
jection. The corticosterone levels were reduced 43% by 
anisomycin and 89% by cycloheximide. Subsequently, saline 
controls showed a rapid decrease in plasma corticosterone 
level up to 130 minutes and then stabilizing. Corti­
costerone levels in the drug injected mice subsequently 
increased rapidly and by 130 minutes both drug groups 
showed levels over five times that of the controls.
These analyses show that corticosterone was secreted 
shortly after training when memory processing is thought 
to be occurring, that corticosterone secretion was greatly 
inhibited by amnesic drugs, and that there is a rebound 
of corticosterone secretion in response to amnesic 
drugs. All of these observations suggest a direct par­
ticipation of glucocorticoids in the memory process.
The anti-amnesic effects of corticosterone and 
hydrocortisone are similar to the anti-amnesic effects 
of CNS stimulants such as d-amphetamines, strychnine, and 
purotoxin (Barondes & Cohen, 1968; Flood, Jarvik,
Bennett, Orme, & Rosenzweig, 1977; Gibbs, 1976) which 
have also been found to improve retention in non-amnesic 
animals (Audry & Luttges, 1971; Breen & McGaugh, 1961; 
Castellno, 1974; Del Rio, 1971). Since plasma levels 
of ACTH and glucocorticoids are inversely related, it
16 -
follows that they could have opposing effects on memory. 
However, ACTH has also been found to increase retention 
.of both active and passive avoidance and to have an 
anti-amnestic effect (Flood, Jarvik, Bennett, & Orme,
1976) . These findings led Flood and his colleagues 
(1978) to hypothesize tnat the regulatory mechanisms of 
the pituitary-adrenal axis have no direct effect on 
memory processes but rather that both ACTH and corti­
costerone act in a general way to modulate retention.
Flood et al. (1978) propose that the increased retention 
effects of the glucocorticoids may be the result of CNS 
arousul. This is based on the findings that the gluco­
corticoids have similar effects on CNS excitability as 
stimulants (Flood et al., 1978) and that these two groups 
of substances have similar anti-amnesic effects (Barondes & 
Cohen, 1968; Flood et al., 1977; Gibbs, 1976).
The results of the animal studies investigating the 
actions of glucocorticoids on memory are contradictory. 
These studies have found that treatments resulting in a 
decrease of glucocorticoids facilitate avoidance perfor­
mance and that an increase in glucocorticoids inhibit 
avoidance performance and facilitate extinction of the 
avoidance response. The effects of the glucocorticoids 
on avoidance conditioning have been interpreted to re­
flect an inhibitory effect on memory. Gubsequent studies
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have shown that glucocorticoids block the amnesic effects 
of drugs which block protein synthesis. These results 
may suggest differing effects of the glucocorticoids de­
pending on dose, considering that most avoidance condi­
tioning studies have used low doses and the anti-amnesic 
and memory facilitating effects of these steroids have 
been found with higher doses. In addition, the more 
direct assessments of memory have used appetitive operant 
tasks, a discriminative operant task, a free choice task, 
passive avoidance tasks, and poorly trained mice in both 
active and passive avoidance paradigms. These results 
suggest that the effect of glucocorticoids on memory de­
pends on dose, type of task, and amount of training.
Human Studie's
There has been little research assessing the effect 
of the glucocorticoids on memory in humans. In some of 
the earliest work Henkin and his colleagues (1967, 1968, 
1970, 1975) studied the effects of cortisol on perception 
using subjects with Addison's Disease (hypoadrenocorti- 
calism) and Cushing's Disease (hyperadrenocorticalism).
He found that sensory detection in adrenocortical insuf­
ficiency was more acute than normal and that sensory de­
tection during hyperadrenocorticalism was less acute than 
normal. The sensory systems studied were taste, smell, 
hearing, and auditory pain. These systems returned to
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normal sensitivity once the cortisol level was returned 
to normal. Taste detection thresholds were defined as 
the least concentrated solution of solute and water nor­
mals and patients detected as different from water. The 
pattern of detection for the four types of solution 
(salty, sweet, bitter, and sour) in untreated patients 
with adrenocortical insufficiency was similar to normal 
volunteers although at a level of responsiveness approxi­
mately 150 times more sensitive. Patients with Cushing's 
Disease showed levels of detection and recognition 
thresholds that were significantly less sensitive than 
normal.
In their study of olfaction, subjects were required 
to smell each of three bottles, two of which were water 
and one of which was an aqueous solution of the different 
compounds. Thirteen different concentrations were used. 
Again th£ detection and recognition thresholds for pa­
tients with adrenocortical insufficiency were much lower 
than normal while patients with adrenocortical hyperfunc­
tion thresholds were significantly greater than normal.
In addition, patients with adrenocortical insufficiency 
could detect auditory signals from a much greater range 
than normals in terms of intensity and frequency. Pa­
tients with Cushing's Syndrome showed a significant im­
pairment in range of frequency and detection thresholds.
In addition, in patients with adrenocortical insufficiency
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the detection of auditory pain was significantly depressed 
-niie patients with Cushing's syndrome exhibited ele­
vated thresholds.
Henkin (1975) concluded that the glucocorticoids 
normally inhibit sensory systems. This conclusion is 
based on his observations that excessive levels of endo­
genous glucocorticoids produce inhibition in the sensory 
system and a natural removal of normal levels of gluco­
corticoids enhance sensory detection.
Kopell, Wittnes, Lunde, Warrick, & Edwards (1970) 
studied the effects of cortisol administration on normal 
subjects. They investigated the action of cortisol on 
visual evoked potentials, time perception, two-fl~sh 
fusion threshold, mood, and alpha rhythm using an intra­
venous 3 mg/kg dose of cortisol. Cortisol increased the 
latency of the averaged evoked potential when subjects 
attended to flashes and caused an overestimation of time. 
No change was produced in two-flash fusion threshold, 
alpha rhythm or scores on a meod adjective checklist.
These researchers hypothesized cortisol interferes
with a subject's selective attention which causes indi­
viduals to have increased difficulty with perceptual in­
put as levels of glucocorticoids increase.
A more recent study (Beckwith, Lerud, Antes, & 
Reynolds, 1983) found that a 20 mg dose of hydrocortisone 
administered to college-aged males reduced auditory
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sensitivity at high tonal frequencies. These results 
are consistent with Kopell's findings in that hydrocorti­
sone had a debilitating effect on perceptual input al­
though in a later study, Beckwith, Antes, and Webster 
(unpublished manuscript) found that a 20 mg dose of 
hydrocortisone had no influence on visual thresholds in 
males.
The above studies have found that in patients w.i ch 
untreated hyperadrenocorticalism detection and recogni­
tion for taste, smell, and hearing are significantly lower 
than normals. Experimental studies using normal volun­
teers have found that hydrocortisone increased the latency 
of the averaged evoke potential and decreased auditory 
sensitivity. In general, the experimentation on the ef­
fects of the glucocorticoids on sensation have provided 
support for Henkin's (1975) hypothesis that these steroids 
have an inhibitory effect on sensation. Later studies 
with humans have turned their focus towards the effect of 
glucocorticoids on memory.
Beckwith et al. (1986) showed that higher doses of
hydrocortisone facilitated recall of a word list and 
lower doses inhibited recall. In their study, male under­
graduates were administered either glucose, 5, 10, 20, 
or 40 mg of hydrocortisone in a double-blind procedure. 
After a 60 minute absorption period they were asked to 
listen to eight lists of twelve words each and asked to
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recall the words immediately after each list was pre­
sented. They found a significant interaction between dose 
of hydrocortisone and practice, such that all the doses 
of hydrocortisone facilitated early recall while later 
recall was facilitated by 40 mg of the steroid. In addi­
tion, the lowest dose (5 mg) retarded performance with 
increased exposure to the word lists. They suggested 
that cortisol has both facilitative and inhibitory ac­
tions on memory depending on the dose, practice, and task.
Beckwith, Freeland, and Petros (unpublished manu­
script) studied the effects of hydrocortisone on memory 
for word lists using ten 12 word lists. Subjects were ad­
ministered either a placebo, 5 mg, or 50 mg of hydrocor­
tisone. Immediately after hearing one entire list, 
recall was obtained by requesting subjects to write down 
as many words as they could in order. The subjects were 
subsequently retested 90 minutes after ingestion of the 
hydrocortisone, being asked to write down as many words 
as they could from all the lists. This procedure was 
repeated once again 120 minutes post ingestion. Using 
this procedure, Beckwith et al. (unpublished manuscript) 
found no effect of'hydrocortisone on immediate recall of 
the word lists while subjects receiving 5 to 40 mg of 
the steroid recalled significantly fewer words than con­
trol subjects at both delays.
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Varney, Alexander, and Maclndoe (1984) assessed 
memory in six medical patients who were prescribed high 
doses of cortisone or prednisone (60-125 mg/day) for 
medical reasons, and for a relatively long period of time 
(45-120 days). They used a number of tests to assess 
cognitive functioning including: the Wechsler Adult 
Intelligence Scale, the Logical Memory Test, the Associ­
ate Learning Test, the Digit Sequence Learning Test, the 
Revised Visual Retention Test, the Verbal Associative 
Fluency Test, the Facial Recognition Test, the Three- 
Dimensional Constructional Praxis Test, and the Temporal 
Orientation Test- The patients demonstrated significant 
decline in memory retention, attention, concentration, 
and occupational abilities, sometimes witr an intellectual 
loss. All of the patients eventually returned to normal 
after the steroids were discontinued or reduced.
In their study of medical patients, Varney et al. 
(1984) found a significant decline in cognitive and occu­
pational abilities, including memory. These results 
showed that extended use of glucocorticoids at extremely 
high doses relative to experimental doses impairs overall 
cognitive functioning. Four of the six patients showed 
dementia-like cognitive changes while the remaining two 
showed these changes after a steroid psychoses. In con­
trast, Beckwith et al. (1986) found that their highest 
dose (40 mg) facilitated recall of word list with
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practice while their lowest dose (5 mg) inhibited later 
recall. Beckwith et al. (unpublished manuscript) found 
that a 5 mg and 40 mg dose of hydrocortisone retarded 
recall of word lists at 90 and 120 minute delays. These 
results taken together provide substantial support for 
Beckwith et al.'s (1986) hypothesis that the effects of 
hydrocortisone on human memory performance depends on the 
dose of the steroid and practice, and furthermore sug­
gests chat the effects of glucocorticoids depend on 
length of exposure and time, delay after ingestion.
Much of the earlv work concerning the adrenocortical 
axis involved the effect of stress on the axis. Many of 
these studies found evidence for increased adrenal ac­
tivity as a result of natural and experimentally induced 
stress (Selye, 1936, 1956; Claixe, 1953; Christian, 1955). 
When considering these studies' operational definition 
of stress, one could logically conclude that these con­
ditions resulted in an increased level of arousal in the 
animals studied. Later animal studies have found, in 
general, that high doses of glucocorticoids retard ex­
tinction and low doses facilitate extinction (Kovacs, 
Telegdy, & Lissak, 1976; Telegdy, Kovacs, & Vermes,
1978). These results have been interpreted as repre­
senting facilitation and inhibition of memory respec­
tively. Later studies have found that glucocorticoids 
block cycloheximide induced amnesia (Barondes & Cohen,
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1968; Nakajima, .1976). Similar anti-amnesic effects have 
been found with CNS stimulants such as d-amphetamine, 
strychnine, and purotoxin (Barondes & Cohen, 1968; Flood 
et al., 1977; Gibbs, 1976) which have also h e n  found to 
improve retention in non-amnesic animals. Findings such 
as those reviewed above suggest that the glucocorticoid 
hormones have an arousal effect on behavior and cognition. 
To further clarify this issue a study was needed that 
looked at the comparable effects of hydrocortisone and a 
CNS stimulant such as caffeine on memory.
Caffeine
Caffeine is one of the most wi lely used drugs in our 
culture; one study estimates that the average individual 
consumes a total of 200 miligrams a day (Gilbert, 1976) . 
Americans consume 450 million cups of coffee per day and 
Graham (1978) estimates that 75% of the American caffeine 
consumption is from coffee. Caffeine can also be found 
in tea, soft drinks, over the counter and prescription 
drugs such as pain relievers, diuretics, antispasmodics 
(e.g., Midol and Pamprin), stay-awake tablets (e.g.,
NoDoz and Vivarin) and diet aids.
Caffeine is a trimethylated xanthine, a weak alka­
loid that can be found in such plants as tea leaves, 
coffee beans, and the kola nut. It has been thought to 
stimulate the central nervous system (Bolton & Null,
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1981) both at higher levels (cortex) and lower levels 
(medulla) and it is hypothesized that it does this 
through potentiating cyclic adenosine monophosphate 
(c-AMP). (Ritchie, 1975) . Caffeine inhibits the secretion 
of phosphodiesterase, the enzyme that breaks down c-AMP. 
This results in higher c-AMP levels. Several neurotrans­
mitters have also been found to interact with caffeine 
such as dopamine, norepinephrine, serotonin, and acetyl­
choline (Gilbert, 1976) making the isolation of caf­
feine's specific action difficult. However, it seems 
that the stimulatory effect of caffeine may be a result 
of the inhibition of the body's natural tranquilizers.
Early studies were inconclusive as to the specific 
behavioral effects of caffeine (Weiss & Latties, 1962). 
Erikson et al. (1985) hypothesized that these conflicting 
results may be due to the failure to consider the role of 
the person's level of trait arousal and its effect on 
caffeine induced manipulation of state arousal. Eysenck 
(1967) suggested that individual differences in trait 
arousal are reflected in the personality dimensions of 
introversion and extraversion which can be determined 
by the Eysenck Personality Inventory (Eysenck & Eysenck, 
1964). Eysenck (1967) hypothesized that behavioral 
differences between introverts and extraverts are mani­
festations of differences in physiological arousal, 
namely, individual differences in the functioning of the
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reticular activating system. Given identical conditions 
of external stimulation, Eysenck hypothesized that intro­
verts will demonstrate higher levels of arousal than 
extraverts. Therefore, when exposed to an arousing 
agent such as caffeine, introverts will exceed their 
optimal level of arousal sooner than will extraverts 
based on the cuvrlinear relationship between arousal and 
performance (Yerkes & Dodson, 1908). From this reason­
ing it could be hypothesized that caffeine will inhibit 
introverts' performance and facilitate extraverts' per­
formance.
Support for these hypotheses came from one of the 
first studies examining the relationship between state and 
trait arousal and its effect on the efficiency of infor­
mation processing (Revelle, Amaral, & Turiff, 1976). 
Revelle and his associates (1976) used a verbal test 
similar to the practice Graduate Record Examination con­
taining verbal analogies, antonyms, and sentence comple­
tion. Subjects were divided into three groups. One 
group completed the test free of time constraints, the 
second was required to complete the test in 10 minutes, 
and the third completed the test with the time con­
straint after being given 200 mg of caffeine. The in­
vestigators felt that these conditions represented in­
creasing amounts of arousal. They found that introverts' 
performance declined under increasing arousal while
extraverts' performance increased as arousal increased 
(Revelle et al., 1976). These results are congruent with 
the earlier predictions indicating the need to further 
investigate the interactive effects of state and trait 
arousal.
A flaw of this study was that the investigators used 
a constant dosage for each subject (200 mg) resulting in 
differential levels of caffeine depending on the subject's 
body weight (Revelle et al., 1976). In addition, time 
press was confounded with the effects of caffeine in their 
highest level of arousal. Gilliland (1980) attempted to 
extend Revelle and his colleagues' method (1976) by giving 
his subjects a dose of caffeine dependent on the subjects' 
body weight and by testing all subjects with the same 
time constraints. Gilliland (1980) used three doses of 
caffeine, 0, 2, or 4 milligrams of caffeine per killigram 
of body weight. The test used in this study was similar 
to that in Revelle et al. (1976). Subjects took one 
form of the test as a pretest, were administered their 
dose of caffeine, and after a 30 minute absorption peixod, 
completed a second form of the test in a pretest- 
posttest design (Gilliland, 1980) . The difference be­
tween the pretest and posttest scores was used as the 
dependent variable. Introverts increased in performance 
between the 0 and 2 mg/kg condition and then decreased 
between the 2 and 4 mg/kg condition. Extraverts'
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performance improved across increased levels of caffeine, 
showing no improvement at the 0 mg/kg level, a slight 
improvement at the 2 mg/kg level' and showed a marked im­
provement at the 4 mg/kg level.
Subsequent research has provided much support for the 
reliability of the introversion/extraversion by caffeine 
interaction (Revelle, Humphreys, Simon, & Gilliland,
2 980). Revelle et al. (1980) ag°ir' examined the effects 
of jntroversion/extraversion and caffeine on a verbal 
test similar to the practice GRE using a pretest-posttest 
design. Participants were given the pretest, were then 
administered 200 mg of caffeine or placebo, and then took 
the posttest. Revelle et al. (1980) reported an intro­
version/extraversion by caffeine interaction, replicating 
earlier studies.
Revelle et al. (1980) extended earlier methodology 
by examining the caffeine and introversion/extraversion 
effects at different times during the day. When subjects 
were tested in the morning the introverts' performance 
was inhibited by caffeine while the performance of extra- 
verts was facilitated by caffeine. However, in the 
evening, the opposite pattern of results was observed.
In addition to these findings, they found that the inter­
active effects of introversion/extraversion and caffeine 
were more clearly and consistently demonstrated when 
the impulsivity subscale, rather than the sociability
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subscale of the Eysenck Personality Inventory, was used 
to define the subjects' level of trait arousal.
An additional variable that appears to affect the 
nature of the caffeine by introversion/extraversion 
interaction is the number of cues necessary for optimal 
performance of the task. The Easterbrook Hypothesis 
(Easterbrook, 1959), which could be considered an exten­
sion of Yerkes-Dodson Law (1908), states that the greater 
the information processing demands of the task or the 
greater the number of cues, the lower the level of 
arousal.that is necessary for optimal performance. Since 
the studies reviewed above conform to the Yerkes-Dodson 
Law, the personality by caffeine interaction should also 
conform to the Easterbrook Hypothesis.
Anderson and Revelle (1982) examined this hypothesis 
more closely. The task they used in their study was a 
proofreading task in which errors were introduced at 
irregular intervals. There were two types of errors in 
this study: interword and intraword. Interword error 
included errors of grammar and word usage, while intra­
word errors included misspellings and typographical 
errors. It was assumed that these two types of errors 
represented differing amount of cues needed to perform 
the task. Interword errors were assumed to require more 
cues than the intraword errors because information would 
have to be integrated across a number of words to detect
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an interword error while detection of an interword error 
could be done within the word in question.
The results of this study provide support for the 
Easterbrook effect on the caffeine by introversion/ 
extraversion interaction. For interword errors there 
was a caffeine by impulsivity interaction such that 
caffeine increased the detection of the less aroused 
(more impulsive) subject, but lowered the error detec­
tion rate of the more aroused (less impulsive) subjects. 
The error detection rate for intraword errors declined 
for both high and low impulsive subjects.
The findings of the above research (Revelle et al., 
1976; Revelle et al., 1980; Gilliland, 1980) suggest that 
caffeine influences the efficiency of information pro­
cessing. A logical extension of this body of research 
would be an attempt to isolate the specific stages of 
information processing that caffeine influences.
Erikson, Hager, Houseworth, Dugan, Petros, and Beckwith 
(1985) did just that by using a task that- has theoreti­
cally and empirically discernible component processes. 
More specifically, their study assessed whether caffeine 
selectively affects short or long term memory through 
subjects' immediate memory for word lists.
If a free recall method is used, a plot of the 
proportion of words recalled from a word list will re­
sult in the serial position curve where more words are
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recalled from the beginning (primacy effect) and the end 
(recency effect) than the middle of the list. The pri­
macy effect has been attributed to the rehearsal of the 
words and subsequent storage in long term memory and the 
recency effect is thought to be the result of words still 
being active in short term memory (Brodie & Prytulak, 
1975). Information from the middle of the serial posi­
tion curve is displaced from short-term but is not re­
hearsed to allow for transfer to long-term memory. The 
observation that some factors have an effect on only the 
primacy or recency portion of the serial position curve 
has been used to support the separate store of short and 
long term memory (Glanzer & Cunitz, 1966). This reason­
ing allows one to hypothesize the effect of a given inde­
pendent variable on short-term and long-term memory pro­
cesses differentially.
Erikson et al. (1985) administered 0, 2, or 4 mg/kg 
of caffeine to male and female subjects classified as 
either high or low impulsive. After the absorption 
period subjects listened to four word lists presented at 
a fast rate and four at a slow rate. There were 12 words 
per list. Caffeine inhibited the female subjects' recall 
at the slow rate but had no effect on the fast rate. 
Caffeine had no effect on the recall performance of 
males. These researchers hypothesized that caffeine may
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decrease the efficiency with which females rehearse words 
in working memory (Erikson et al., 1985).
A later study conducted by Arnold, Petros, Beckwith, 
Coons, and Gorman (in press) attempted to replicate and 
extend the findings of Erikson et al. (1985). One ex­
planation for the sex differences observed in the Erikson 
study was that there may not have been a large enough 
male subject pool to detect the effects of caffeine. 
Arnold et al. (in press) tested a larger sample of male 
subjects to correct for this deficiency. In addition, 
it has been shown that females exhibit differences in 
cognitive performance during the menstrual cycle, pos­
sibly due to hormonal variation (Broverman, Vogel, 
Klaiber, Majcher, Shea, & Paul, 1981). This may also 
account for the sex difference found in Erikson et al. 
study. Arnold et al. (in press) attempted to correct for 
this by testing female subjects only during the first 
five days of the menstrual cycle and by testing females 
who did not use oral contraceptives.
They used twelve groups of male and female college 
students identified as high or low impulsive and admin­
istered either 0 mg/kg, 2 mg/kg, or 4 mg/kg of caffeine. 
They tested subjects o.i memory for supraspan word lists. 
They found that caffeine facilitated recall in females 
after practice with the task and that caffeine impaired 
recall in males ac the medium dose. Arnold et al. (in
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press) concluded that, when comparing their results with 
Erikson et al. (1985), caffeine may affect memory perfor­
mance differentially depending upon the level of estrogen 
in their system.
Statement of the Problem
Glucocorticoids have been found to retard extinction 
in rats at high doses and to facilitate extinction at 
low doses (Bohus, 1970; Kovacs, Telegdy, & Lissak, 1976; 
Telegdy, Kovacs, & Vermes, 1978). This suggests that 
glucocorticoids have a dose dependent effect on memory 
where high doses facilitate memory and low doses retard 
memory performance. Beckwith et al. (1986) provide sup­
port for this hypothesis from the results in this study 
which showed that a high dose (40 mg) facilitated memory 
performance in humans while in a low dose (5 mg) impaired 
performance. Researchers in this area have theorized 
that these effects of glucocorticoid hormones are due to 
either motivation/arousal (di Giusto, Cairncross, & King, 
1971) or specific enhancement of CNS memory function 
(Flood, Vidal, Bennett, Orme, Vasquez, & Jarvik, 1978). 
The latter explanation relies on the enhancement of 
memory by increasing the duration of short term memory 
traces. Beckwith and his research group (1986) assert 
that the lack of interaction of either rate or serial 
position with treatment of glucocorticoids favors the
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motivational/arousal hypothesis. They go on to say that 
the*, interaction of treatment with practice may reflect 
motivational/arousal changes as responsible for their re­
sults .
The goal of the present study was to assess the 
motivational/arousal hypothesis of the action of gluco­
corticoid hormones. This was done by comparing the ef­
fects of hydrocortisone to the effects of caffeine on an 
identical task and methodology. Caffeine was selected as 
the comparison drug because of its widely accepted ef­
fects on arousal and because it has been hypothesized 
that the anti-amnesic effects of the glucocorticoids are 
similar to the anti-amnesic effects of CNS stimulants 
(Barondes & Cohen, 1968; Flood, Jarvik, Bennett, Orme, & 
Rosenzweig, 1977; Gibbs, 1976). In addition, trait 
arousal was manipulated by dividing subjects into groups 
of high arid low impulsives using the Eysenck Personality 
Inventory (1964). Eysenck has proposed that introverts 
(low impulsives) demonstrate a higher level of arousal 
than extraverts (high impulsives). An additional aim 
of this study was to extend the methodology of previous 
research by assessing the effect of these substances 
over longer delays than earlier studies (i.e., Beckwith, 
Freeland, & Petros, unpublished manuscript). Beckwith 
et al. (unpublished manuscript) found that subjects 
receiving 5 and 40 mg of hydrocortisone recalled
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significantly fewer words than control subjects did at 
delays of 90 and 120 minutes after ingestion. The 
present study assessed the nature of these effects at 
delays of 90, 120, and 150 minutes in addition to immedi­
ate recall.
METHOD
Subjects
One hundred and twenty male undergraduate psychology 
students served as subjects. Each subject received 
extra credit for their participation. Subjects were 
screened for self-report of any history of endocrine 
diseases, allergies, and medications. Each subject gave 
their written consent to participate and were informed 
that they could withdraw at any point in the experiment. 
The procedures used were approved by the University of 
North Dakota Institutional Review Board.
There were eight groups of subjects, two groups at 
each of the four treatments (5 mg and 40 mg of hydro­
cortisone, 2 mg/kg caffeine, and placebo). Within each 
treatment, subjects were classified as low or high im­
pulsive based on the median score (Mdn = 4.5) of the 
impulsivity subscale of the Eysenck Personality Inven­
tory (Eysenck & Eysenck, 196 4) .
Materials
The stimulus materials used in this experiment 
consisted of one practice word list and eight experimen­
tal word lists. All lists were recorded and played back
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to subjects on a cassette recorder at a rate of one word 
per second (fast rate) or one word per three seconds 
(slow rate). Each list contained 12 concrete/ high fre­
quency nouns which were matched for frequency according 
to the norms established by Kuchera and Francis (1967) 
and number of syllables. The mean frequency for words 
in each list ranged between 144.83 and 138.92. The num­
ber of syllables per word ranged from one to three syl­
lables, while the mean number of syllables per word list 
ranged from 1.60 to 1.42.
Within each dose, subjects were classified as low 
'or high impulsives based upon the median score of the 
impulsivity subscale of the Eysenck Personality Inven­
tory (Mdn = 4.5) (Eysenck & Eysenck, 1964) . The Wechsler 
Adult. Intelligence Scale— Revised (Wechsler, 1981) sub­
test for vocabulary was used to counterbalance verbal 
ability of the subjects across doses. In addition, a 
Caffeine Consumption Questionnaire was administered to 
determine the subject's habitual level of Caffeine Con­
sumption. Finally, the Speilberger State Anxiety Ques­
tionnaire (Spielberger, 1977) was used to ascertain the 
subject's state arousal.
Procedure
Subjects were trained and tested in groups of five 
subjects. All testing was done between 3:30 p.m. and
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7:30 p.m. in order to control for the diurnal variation 
of cortisol in the human body, as cortisol is at its 
lowest level in the body between these times. At the 
beginning of an experimental session the subjects were 
provided with a consent form and high blood pressure was 
measured on a mercury sphygmomanometer. Any subject with 
a blood pressure of 140/90 or above was excused from the 
study. Subjects then completed the Caffeine Consumption 
Questionnaire followed by the vocabulary subtest of the 
WAIS-R. The subject’s vocabulary score was used to 
balance verbal ability across treatment. Within the con­
straint of balancing verbal ability, subjects were ran­
domly assigned to groups and were then given a coded 
capsule containing 5 mg or 40 mg of hydrocortisone mixed 
with glucose, given 2 mg of caffeine per kg of body 
weight dissolved in six ounces of an orange flavored 
breakfast drink (Tang), or a coded capsule containing 
only glucose. The absorption period after ingestion was 
30 minutes.
At the end of the 30 minutes the subjects began 
listening to the lists of words. Subjects were presented 
the lists one at a time followed immediately by being 
asked to write down in order as many words from the list 
as they could. The first list was a practice list, the 
following eight were test lists. Each two lists were 
defined as one level of practice, creating four levels
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of practice. The test lists were presented in such a 
manner that each list occurred equally often in each ordi­
nal position. Rate of list presentation was alternated 
between a fast and a slow rate. The rates were counter­
balanced between subjects so that for half of the sub­
jects the sequence began with the slow rate and for the 
other half the sequence began with the fast rate.
After hearing all of the nine word lists, subjects 
were allowed to read or study until 60 minutes after 
treatment. At this.time subjects were again given a 
blank sheet of paper and were asked to write down as many 
words as they could remember from all the word lists 
combined. This procedure was repeated after 90, 120, and 
150 minutes providing four levels of delayed recall. 
Subjects were administered the Spielberger State Anxiety 
(1977) questionnaire before the experimental conditions 
were implemented and again at 60 and 120 minutes post 
ingestion of the hydrocortisone, caffeine, or placebo.
RESULTS
A 4 (treatment) X 2 (impulsivity) ANOVA was con­
ducted with the subjects' age, weight, blood pressure, 
WAIS-R vocabulary score, and habitual level of caffeine 
consumption (CC) all being between group measures. In 
these and all subsequent analyses, all significant ef­
fects were observed with a p < .05 and post hoc analyses, 
when required, utilized Newman-Keuls procedures with 
alpha set equal to .05. It was found that the groups did 
not differ with respect to these dependent measures.
Means and standard deviations for these data are pre­
sented in table 1. Furthermore, a 4 (treatment) X 2 
(impulsivity) ANOVA was computed with the dependent 
measures being the subjects' raw and scaled scores on the 
Spielberger State Anxiety Questionnaire. Separate 
analyses were performed on these data for each interval 
of testing: at the beginning of the experiment, 60, and 
120 minutes after' ingestion of caffeine, hydrocortisone, 
or placebo. The groups did not differ with respect 
to their reported level of arousal at any of the times 
measured (Table 1).
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Table 1
Demographic Characteristics of Subjects
Impulsivity High Low
Dose Pi 5mg(hy) 40mg(hy) 2mg/kg Pi »45mg(hy) 40mg(hy) 2mg/kg
Age 21.27
(3.32)
21.57
(3.42)
21.27
(2.77)
21.33
(2.65)
21.73
(4.02)
20.73
(2.24)
22.20
(3.45)
21.20
(3.39)
Weight 167.33
(18.92)
174.21
(21.34)
177.13
(22.45)
173.^0
(27.09)
177.00
(24.91)
174.20
(31.40)
184.53
(35.34)
179.73
(21.84)
Systolic BP 120.93
(9.60)
121.14
(7.85)
122.93
(9.35)
125.07
(12.17)
124.00
(7.90)
124.13
(11.54)
125.73
(9.26)
123.87
(10.70)
Diastolic BP 77.27
(8.23)
75.29
(7.58)
76.67
(8.54)
70.27
(16.54)
74.27
(8.70)
72.47
(16.62)
74.93
(6.73)
71.47
(11.37)
WAIS
Vocabulary 48.73
(8.65)
50.36
(8.89)
49.00
(8.61)
46.*3 3 
(4.95)
47.53
(7.09)
49.60
(8.80)
47.80
(8.57)
49.60
(6.00)
Caffeine
Consumption 96.93
(123.29)
129.14
(148.92)
162.80
(229.39)
116.20
(112.14)
207.07
(309.37)
125.67
(127.32)
140.80
(238.32)
112.67
(107.76)
Spielberger
1 32.87
(4.73)
31.36
(6.81)
35.87
(7.83)
36.53
(8.51)
33.67
(5.83)
34.93
(7.88)
33.13
(8.11)
32.40
(4.18)
Table l--continued
Impulsivity High Low
Dose pi 5mg(hy) 40mg(hy) 2mg/kg Pi 5mg(hy) 40mg(hy) 2mg/kg
Spielberger
2 34.13 28.71 33.40 36.87 33.67 34.73 34.93 33.00
(8.21) (4.40) (5.90) (10.63) (5.82) (6.20) (8.40) (7.63)
Spielberger
3 30.87 29.79 34.07 36.20 34.20 34.40 34.13 32.53
(8.29) (5.91) (6.96) (8.13) (5.76) (6.32) (8.33) (6.16) .t*NJ
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Immediate Recall
A 4 (treatment) X 2 (impulsivity) X 4 (practice)
X 2 (rate) X 3 (serial position) mixed design ANOVA 
(Myers, 1979) was computed on the proportion of words re­
called. The between subjects factors in this design were 
treatment and impulsivity, while the within subjects fac­
tors were practice, rate of word presentation, and serial 
position. Main effects of rate, F (1,112) = 131.95, and 
serial position, F(2,224) = 194.26, were observed. Sub­
jects recalled significantly more words at the slow rate 
(M = .532) than at the fast rate (M = .443). Further 
analyses indicated that the recency portion of the word 
lists was recalled significantly better than the primacy 
portion which was recalled better than the middle portion 
of the serial position curve. The associated means were 
.549, .273, and .640 respectively for the primacy, middle, 
and recency portions of the serial position curve.
A treatment X impulsivity interaction was found, 
F(3,112) = 2.75. Further analysis revealed significant 
differences (Figure 1). At the high level of impulsivity, 
subjects receiving the placebo recalled more words when 
compared to subjects that received 40 mg of hydrocorti­
sone. Furthermore, low impulsive subjects who received 
caffeine recalled more words when compared to low impul­
sive subjects who received the placebo. Finally, low 
impulsive subjects recalled more words than high
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Figure I. Mean proportion of words recalled as a function of 
treatment and im pulsivity.
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impulsive subjects in the caffeine condition and high 
impulsive subjects recalled more words than low impulsive 
subjects in the placebo condition.
Also, an interaction was observed between treatment 
and rate, F(3,112) = 2.69 (Figure 2). Subjects who 
received the placebo recalled more words than the subjects 
receiving 40 mg of hydrocortisone at the slow rate of word 
presentation. In addition, subjects who received caffeine 
recalled more words than subjects receiving either 40 mg 
or 5 mg of hydrocortisone at the slow rate of presenta­
tion. There were no statistically significant differences 
at the fast rate of word presentation.
In addition, a significant rate X serial position 
interaction was found, F(2,224) = 18.35 (Figure 3). This 
interaction showed that the recency portion of the lists 
were recalled more than the primacy portion which was 
recalled better than the middle portion at both the fast 
and slow rates although the primacy and middle portions 
of the serial position curves were recalled signifi­
cantly better at the slow rate of presentation than the 
fast rate. The difference between the two rates was not 
significantly different at the recency portion of the 
curve.
Finally, a practice X rate X serial position inter­
action was also observed, F(6,672) = 5.26 (Table 2).
Rate effects for the middle portion of the serial position
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Placebo 5mg(H) 40mg(H) 2mg/kg(C)
Treatment
Figure 2. Mean proportion of words recalled as a function of 
treatment and rate of presentation.
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Figure 3. Mean proportion of words recalled as a function 
of rate and serial position.
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Table 2
Mean Proportion of Words Recalled as Function of Practice, 
Rate, and Serial Position-Immediate Recall
Serial
Position Primacy Middle Recency
Rate of
Presentation Fast Slow Fast Slow Fast Slow
Level of 
Practice
One .669 . 454 .344 .190 .590 .648
Two .560 . 519 . 379 . 212 . 694 . 612
Three .569 . 548 . 350 . 181 . 635 .621
Four . 583 . 487 . 331 .198 . 677 . 642
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curve were observed at all levels of practice. More words 
were recalled at the slow rate than the fast rate. Simi­
lar rate effects were found for the primacy portion of 
the serial position curve at the first and fourth levels 
of practice and for the recency portion at the second 
level of practice. In addition, practice effects occurred 
for the recency portion of the serial position curve at 
the slow rate such that more words were recalled at the 
second and fourth levels of practice when compared to 
the first level of practice. Also, primacy words pre­
sented at the fast rate were recalled better at the third 
level of practice when compared to the first level. 
Finally, practice effects were seen for the primacy por­
tion of the curve at the slow rate such that more words 
were recalled at the first level of practice when com­
pared to levels two, three, and four.
Delayed Recall
The mean proportion of words recalled as a function 
of treatment and delay interval are presented in Figure 4. 
The delay intervals used were 30, 60, 90, and 120 
minutes post exposure to the word lists and immediate 
recall.
The proportion of words recalled at each of the four 
levels of delay were computed and subjected to a 4 
(treatment) X 2 (impulsivity) X 4 (delay interval) X 3
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Figure 4. Mean proportion of words recalled as a function of 
treatment and delay interval post initial exposure 
to word lists.
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(serial position) mixed design ANOVA. Treatment and im- 
pulsivity were the between subjects factors in this de­
sign, while delay interval and serial position were the 
within subjects factors. Significant main effects were 
observed for delay, F(3,336) = 9.60, and serial posi­
tion, F (2,224) = 100.63. Also, a marginal main effect of 
treatment was found, F (3,112) = 2.33, p = .078 (see 
Table 3).
Further analyses indicated that significantly more 
words were recalled at 60 minutes (M = .158) , 90 minutes 
(M = .161), and 120 minuses (M = .160) when compared to 
the 30 minute delay after exposure to the word lists 
(M = .148). In addition, significantly more words were 
recalled at the primacy portion of the serial position 
curve when compared to both the middle and recency por­
tions of the curve. The respective means for the primacy, 
^middle, and recency portions of the curve were .217, .126,
and .127. Finally, subjects receiving caffeine (M = .180) 
recalled more words when compared to subjects who received 
the 40 mg dose of hydrocortisone (M = .139).
Organizational Output
This analysis examined the order in which subjects 
recalled words from the lists. Flores and Brown (1974) 
developed a procedure, referred to as the Relative Index 
of Priority (RIP), which provides an indication of the
Table 3
Mean Proportion of Words Recalled as a Function of Treatment, Delay Interval, and 
Serial Position
Treatment Placebo 5mg(H) 40mg(H) 2mg/kg(C)
Serial
Position P M R P M R P M R P M R
Delay
Interval
•
30 min . 206 .114 .124 . 206 .126 .110 .180 .100 .106 .238 .128 .136
60 min .215 .121 . 13 4 .131 ,120 .206 . 206 .106 .117 .255 .148 .141
90 min .218 .121 .139 .210 .139 .123 .205 .103 .118 .256 .155 .143
120 min .218 .124 .136 .199 .141 .119 .200 .106 .116 .262 .146 .155
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order In which subjects recalled words from the lists.
The optimal output strategy would involve outputting 
recency words first, followed by rehearsed words from 
the primacy position, and then less well rehearsed 
words from the middle position.
A RIP score was calculated for each serial position 
of every word list. A 4 (treatment) X 2 (impulsivity) X 
4 (practice) X 2 (rate) X 3 (serial position) mixed de­
sign ANOVA was conducted using the RIP scores as the de­
pendent measure. The between subjects factors in this 
design were treatment and impulsivity and the within sub­
jects factors were practice, rate, and serial position. 
This analysis revealed a main effect of serial position,
F (2,200) = 12.11. It was found that words in the recency 
position (M = .085) were output first, followed by words 
from the primacy position (M=-.013), with words in the 
middle position output last (M = -.076)
A practice X rate X serial position interaction was 
also found, F(6,600) = 2.63 (Table 4). Further analysis 
of this interaction revealed that recency position words 
were recalled significantly earlier at the slow rate when 
compared to the fast rate for only the first level of 
practice and primacy position words were recalled 
earlier at the fast rate when compared to the slow rate 
at only the first level of practice. With the slow rate 
of presentation, recency words were recalled earlier at
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Table 4
RIP Scores as a Function of Level of Practice, Rate, and 
Serial Position
Serial Position P M R
Rate of
Presentation Fast Slow Fast Slow Fast Slow
Level of 
Practice
One .032 -.059 -.108 -.083 . 055 . 134
Two .030 .040 -.074 -.069 .100 .033
Three .041 -.017 -.085 -.075 .039 .097
Four -.062 i o • 00 1 o <Ti 00 -.049 .125 .098
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all four levels of practice when compared to middle posi­
tion words, primacy words were recalled earlier at the 
second level of practice compared to middle position 
words, and recency position words were recalled earlier 
than primacy words at all levels of practice except for 
the second level of practice. With the fast rate of pre­
sentation recency position words were recalled earlier 
when compared to middle position words at all four levels 
of practice, primacy words were recalled earlier when 
compared to middle position words at the first and third 
levels of practice, and recency position words were re­
called earlier at the second and fourth levels of practice 
when compared to the primacy position words.
With the fast rate of presentation, primacy position 
words were recalled earlier at the first and third levels 
of practice when compared to the fourth level of prac­
tice. With the slow rate of presentation, practice ef­
fects were observed for the recency position words such 
that they were recalled earlier at the first level of 
practice when compared to the second level of practice.
In addition, practice effects were observed at the slow 
rate such that primacy position words were recalled 
earlier at the second level of practice when compared to 
both the first and fourth levels of practice.
Finally, a 4-way interaction of treatment X im- 
pulsivity X practice X serial position was observed,
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F (18,600) = 1.63. Examination of the pattern of means 
indicates that at the first level of practice, low im­
pulsive subjects who received the 5 mg dose of hydrocorti­
sone output primacy position words significantly earlier 
than low impulsive subjects who were in the placebo con­
dition. In addition, at the first level of practice, low 
impulsive subjects who received the 2 mg/kg of caffeine 
output recency position words significantly earlier than 
low impulsive subjects who received the 5 mg dose of 
hydrocortisone. Finally, at the second level of practice, 
low impulsive subjects who received the 2 mg/kg dose of 
caffeine output primacy position words significantly 
earlier than low impulsive subjects who received the 
placebo and the 5 mg and 40 mg dose of hydrocortisone.
Further examination of the pattern of means in this 
interaction shows that low impulsive subjects who received 
the 5 mg dose of hydrocortisone output primacy position 
words significantly earlier at the first level of prac­
tice compared to! the fourth level of practice. Low im­
pulsive subjects who received the 2 mg/kg dose of caf­
feine output primacy position words significantly earlier 
at the second level of practice when compared to the first 
and fourth level of practice. Furthermore, low impul­
sive subjects who received the dose of caffeine output 
recency words significantly earlier at the first level
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of practice when compared to the second and third level 
of practice.
It was also observed that when compared to high 
impulsive subjects, low impulsive subjects who received 
5 mg of hydrocortisone output recency position words 
late in the output sequence at the first level of prac­
tice. At the second level of practice, low impulsive 
subjects who received the caffeine output primacy words 
significantly earlier than high impulsive subjects who 
received caffeine and middle position words later than 
high impulsive subjects who received caffeine. At the 
third level of practice, low impulsive subjects who re­
ceived the 40 mg dose of hydrocortisone output primacy 
position words significantly earlier in the output se­
quence when comnared to high impulsive subjects in the 
same treatment condition. When compared to high impul­
sive subjects, low impulsive subjects who received caf­
feine used a less efficient output strategy at the third 
level of practice. More specifically, low impulsive 
subjects output recency position late in the output se­
quence at the third level of practice.
DISCUSSION
The results of this study showed a treatment by im- 
pulsivity interaction and a treatment by rate interaction 
with immediate recall. At the high level of impulsivity, 
subjects receiving 40 mg of hydrocortisone recalled fewer 
words when compared to subjects who received the placebo. 
In the low impulsive condition, subjects who received 
caffeine recalled more words than subjects who received 
the placebo. Low impulsive subjects recalled more words 
than high impulsive subjects in the caffeine condition 
and high impulsive subjects recalled more words than low 
impulsive subjects in the placebo condition. In addi­
tion, the delayed recall data indicated a marginal main 
effect of treatment such that subjects receiving caffeine 
recalled more words when compared to subjects who re­
ceived the 40 mg dose of hydrocortisone.
The most interesting result of this study was the 
treatment by impulsivity interaction. This interaction 
showed that when compared to a placebo, 2 mg/kg of caf­
feine facilitated recall in low impulsive subjects and 40 
mg of hydrocortisone impaired recall for high impulsive 
subjects when compared to the placebo condition. Un­
fortunately this effect was marginal by traditional
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levels of statistical significance. A possible explana­
tion for the marginal differences in the treatment by 
impulsivity interaction is that the present study may. 
not have used a large enough cell size to detect a subtle 
interaction of treatment and impulsivity. One study 
that found a clearly statistically significant interac­
tion between treatment with caffeine and impulsivity used 
a range of 9 to 33 subjects in each condition (Revelle 
et al., 1980). This study used 15 subjects in each of 
the conditions. The present study's results replicate 
those of Revelle et al. (1980) who found that the specific 
pattern of the caffeine by impulsivity interaction depended 
on the time of day in which the experiment occurred.
In the morning, the performance of low impulsives was 
hindered by the administration of caffeine, whereas the 
performance of high impulsives was helped by the adminis­
tration of caffeine. In the evening the opposite pattern 
of results were observed (Revelle et al., 1980), similar 
to those found for caffeine in the present study.
It is difficult to assess how the effect of the 40 
mg dose of hydrocortison j in the present study fits with 
regard to Revelle et al's (1980) findings. Caffeine and 
hydrocortisone were included in this study to provide 
a comparison between an agent that is known to increase 
arousal and one that is theorized to increase arousal.
The difficulty in comparing the effects of the two drugs
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in this study rests in the finding that the hydrocorti­
sone's effects were not consistent. The 2 mg/kg dose of 
caffeine facilitated recall in low impulsive subjects 
. and hindered recall in high impulsive subjects. Con­
versely, the 40 mg dose of hydrocortisone impaired recall 
in the high impulsive subjects but did not have a sig­
nificant effect on the low impulsive subjects. If hydro­
cortisone is classed as a stimulant (i.e., as an agent 
that increases arousal), as caffeine is, then the finding 
that the 40 mg dose of hydrocortisone impaired recall 
ir. high impulsive subjects is comparable to Revelle 
et al.'s (1980) results. It is unclear why the 40 mg 
dose of hydrocortisone did not have a statistically sig­
nificant effect with the low impulsive subjects.
One possible reason for this discrepancy is the 
method and dosage with which the drugs were administered. 
Caffeine was administered according to the subjects' 
weight. Due to the difficulty of administering hydro­
cortisone according to weight, it was administered in a 
constant dose of either 5 or 40 mg. It is possible that 
hydrocortisone is comparatively more potent than caf­
feine which resulted in a higher level of arousal and a 
different pattern of results than past caffeine studies. 
It appears that the 40 mg dose of hydrocortisone 
hindered both the high and low impulsive subjects' 
performance although the performance of the low impulsive
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group was not statistically different from the low im­
pulsive subjects who received caffeine or placebo 
(Figure 1). If the 40 mg dose of hydrocortisone was 
comparable to the 2 mg/kg dose of caffeine the prediction 
would be that the hydrocortisone would facilitate the low 
impulsive subjects' recall. The trend of the data shows 
the 40 mg dose of the hydrocortisone may have moderately 
impaired low impulsive subjects' recall when compared to 
the 5 mg-dose of hydrocortisone and 2 mg/kg dose of caf­
feine which is contradictory to the prediction based on 
past experimentation. In addition, when collapsing across 
delay period, subjects in the 40 mg of hydrocortisone 
treatment condition recalled significantly fewer words 
than subjects in the 2 mg/kg caffeine condition. Obser­
vation of Figure 1 reveals that the pattern of recall in 
the 5 mg hydrocortisone condition is most similar to the 
pattern of recall at the 2 mg/kg caffeine condition. This 
suggests that the 5 mg dose of hydrocortisone and the 2 
mg/kg dose of caffeine had a similar effect on performance 
and that the 40 mg dose of hydrocortisone may have ele­
vated the level of arousal for both the low impulsive 
and high impulsive subjects past the optimum and hindered 
both groups performance.
Assuming that most subjects have had little experi­
ence with hycrocortisone, the subjects' tolerance for 
hydrocortisone may be lower than that for caffeine,
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possibly intensifying the hydrocortisone's effect. This 
could partially account for the inhibition of recall at 
both levels of impulsiveness with a dose of hydrocorti­
sone (40 mg) that is small compared to the dose of caf­
feine (2 mg/kg). Level of tolerance for these two sub­
stances adds to the difficulties of comparing their ef­
fects. Future studies involving hydrocortisone and caf­
feine should include several dosages of each to aid in 
dosage comparison and, if possible, administer hydrocorti­
sone dependent on body weight.
The finding in this present study that 40 mg of 
hydrocortisone impaired memory contradicts the findings 
of Beckwith et al. (1986). They found that all the doses 
of hydrocortisone (5, 10, 20, and 40 mg) that they used 
facilitated recall of word lists presented early in the 
task while later recall was facilitated only by the 40 mg 
dose. Later recall was impaired by the 5 mg dose of 
hydrocortisone. The present study failed to replicate the 
treatment by practice interaction found by Beckwith et al. 
(1986). The fact that their study found a facilitation 
of early and later recall in the 40 mg condition 
directly contradicts the present study's finding that 
this dose inhibited overall recall. There were several 
deviations in procedure between these two studies which 
could account for the different patterns of the results. 
The present study tested subjects in groups of five
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while Beckwith et al. (1986) tested subjects individu­
ally. Being tested in a group may have increased the at­
tention demands for subjects due to the possibility that 
they were more concerned with their performance when com­
pared to being tested individually. Their concern could 
have required additional attention to the memory task for 
a satisfactory performance. As a result, being tested in 
a group may have made the task more difficult and there­
fore lowered the optimal level of arousal for peak per­
formance. Furthermore, the present study used a 30 minute 
absorption period compared to a 60 minute absorption 
period in Beckwith et al. ' s (1986) study. The different 
absorption periods may have resulted in different levels 
of arousal when being tested with the memory task. It is 
possible that a 30 minute absorption period for the hydro­
cortisone resulted*in a higher level of arousal causing a 
poorer performance in the 40 mg hydrocortisone condition 
of the present study. A 60 minute absorption period 
could have resulted in the full effects of the steroid to 
wear off, putting the subjects at a more optimal level 
of arousal for this memory task. The 30 minute absorp­
tion period was used in this study because this is well 
documented as the full absorption period for caffeine.
To accurately compare the two substances it was felt that 
the effects of caffeine should be at its highest point.
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The results of the present study are comparable to 
Beckwith, Freeland, and Petros' (unpublished manuscript) 
findings. Their study tested subjects in a group and 
found that the two groups of subjects who received 5 mg 
ahd 40 mg of hydrocortisone recalled significantly fewer 
words than subjects who received a placebo, at delay 
periods of 90 and 120 minutes after ingestion. The 
present study showed that subjects who received the 40 mg 
dose of hydrocortisone recalled fewer words than subjects 
given 2 mg/kg of caffeine when collapsing across delay 
periods. Comparing the present study's findings and the 
above study's findings with those of Beckwith et al.
(1986) who found that a 40 mg dose of hydrocortisone fa­
cilitated recall when testing subjects individually, sug­
gests that being tested in a group does have a differen­
tial effect when compared to studies that tested subjects 
individually.
The results of the present study suggest that hydro­
cortisone and caffeine do not affect the subjects' encod­
ing strategies. This is based on the lack of interaction 
between treatment and serial position, as well as a 
failure in finding a main effect of treatment with the 
organizational output data. The expected effect of 
serial position was demonstrated in this study, i.e., a 
higher proportion of recency position words were re­
called when compared to either primacy or middle
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position words and more primacy position words were re­
called when compared to middle position words. This is 
the common serial position effect on recall. If either 
substance affected the encoding strategy of the subjects' 
recall one would predict a treatment by serial position 
interaction. In addition, the most efficient pattern of 
recall would be to output the recency words first, fol­
lowed by primacy position words, and then middle position 
words. This pattern of recall was found in the present 
study. Again, if treatment affected the pattern of re­
call, a main effect of treatment with the organizational 
output data should be observed.
There was a treatment by rate interaction which may 
be an indication that treatment with either caffeine or
thydrocortisone affected the efficiency with which subjects 
rehearsed items in short term memory. The pattern of 
means in this interaction shows that hydrocortisone, par­
ticularly the 40 mg dose, may have interfered with the 
subjects' ability to rehearse words in short term memory 
at the slow rate of presentation. Subjects in this con­
dition recalled fewer words than subjects in the placebo 
condition at the slow rate. Caffeine seemed to facili­
tate rehearsal at the fast rate of word presentation.
It is assumed that the amount of time that subjects had 
available for rehearsal of the words was directly 
dependent on the rate of word presentation. The slow
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rate of word presentation provided three times the re­
hearsal interval compared to the fast rate. It is pos­
sible that the effect of 40 mg of hydrocortisone on recall 
was more pronounced the longer the subjects were able to 
rehearse the words and store them in short term memory, 
resulting in the differential effect of this dose of 
hydrocortisone depending on rate of word presentation.
The differential effect of caffeine and hydrocortisone on 
rehearsal may be due to the higher level of arousal in 
the 40 mg hyarocortisone condition which made it more 
difficult for subjects to rehearse words over a rela­
tively longer period of time.
An attempt to fit these data to Eysenck's (1967) 
arousal theory warrants a brief review of the theory and 
its implications. One of the most reliably demonstrated 
personality dimensions is the introversion/extraversion 
dimension. An assumption of the introversion/extraversion 
dimension developed by Eysenck (1967) is that the be­
havioral differences between introverts and extraverts 
is caused by different levels of resting cortical arousal 
o'r activation in these two personality types. Eysenck 
assumed that introverts' level of cortical arousal is 
higher than extraverts. This assumption is based on 
findings that compared to extraverts, introverts are more 
sensitive to auditory stimulation (Smith, 1968) and to 
pain (Haslam, 1967), have higher sedation thresholds
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(Sloane, Davidson, & Payne, 1965), have higher levels of 
skin conductance (Revelle, 1974), and have more spon­
taneous galvanic skin response (Revelle, 1979).
There have been two modifications of Eysenck's 
(1967) theory. A study conducted by Revelle, Humphreys, 
Simon, and Gilliland (1980) was the basis for these 
modifications. They observed that the performance of 
introverts and extraverts was differentially affected by 
caffeine at different times during the day. When subjects 
were tested in the morning the introvert's performance 
was inhibited by caffeine while the performance of extra­
verts was facilitated by caffeine. In the evening the 
opposite pattern of results was found. This suggests 
that introverts and extraverts have different levels of 
arousal depending on the time of day. Introverts were 
hypothesized to be more aroused in* the morning and at a 
lower level of arousal in the evening and extraverts were 
assumed to be at a lower level of arousal in the morning 
and higher in the evening. They also found that the 
interactive effects of introversion/extraversion (reflect­
ing trait arousal) and caffeine (reflecting state 
arousal) were more clearly demonstrated by the impulsivity 
subscale of the Eysenck personality inventory.
As earlier pointed out by Revelle et al. (1980), 
three assumptions are necessary when fitting experimental 
data to an arousal model: (1) the administration of
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caffeine or hydrocortisone increases arousal, (2) If per­
formance is hindered by these two substances, then the 
subjects must have initially been optimally aroused or 
overaroused. (3) If performance is enhanced by these two 
substances, then the subjects must have initially been 
underaroused.
This mode1 would predict that in the evening, a 
moderate increase in state arousal should improve intro­
verts' (low impulsives) performance while extr'averts'
(high impulsives) performance should be hindered. The 
trend of the placebo condition data in this study sug­
gests that high impulsives were at a more optimal level of 
arousal for this task when compared to low impulsives.
High impulsive subjects' performance was significantly 
hindered by the 40 mg dose of hydrocortisone and moder­
ately hindered by the 5 mg dose of hydrocortisone and the 
2 mg/kg dose of caffeine. This suggests that these sub­
stances increased the high impulsive subjects' level of 
arousal past the optimum.
In contrast, low impulsive subjects’ performance 
was significantly improved by caffeine and moderately 
improved by the 5 mg dose of hydrocortisone. The 40 mg 
dose of hydrocortisone appeared to slightly hinder the 
low impulsive subjects' performance. This suggests that 
the 2 mg/kg dose of caffeine and the 5 mg dose of caf­
feine increased the low impulsive subjects' arousal
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level closer to optimum. It appears that the 40 mg dose 
of hydrocortisone may have had such an arousing effect 
that it increased the low impulsives level of arousal 
past the optimum and to the descending side of the 
arousal curve (Yerkes & Dodson, 1908) . The interaction 
of hydrocortisone (state arousal) with impulsivity (trait 
arousal) suggests that hydrocortisone does have an arous­
ing or activating efiect on memory processes.
Future research should concentrate on further speci­
fying the arousing effects of hydrocortisone on memory 
and other cognitive functions. One parameter that needs 
to be considered in future studies is the complexity of 
the task used, as this can have huge effects on the opti­
mum level of arousal needed for the task. It is possible 
that the reason Revelle's research group has consistently 
found a state (caffeine) by trait arousal (impulsivity) 
interaction is due to the complexity of the task used. 
Petros and Beckwith's research group has not been par­
ticularly successful in replicating this interaction 
which may be the result of using a task that requires a 
lower optimal level of arousal than what Revelle has 
used. A study that included both tasks while keeping 
other parameters constant could clarify this issue.
Future studies should include intermediate doses to help 
clarify the possibility that the 40 mg dose of hydro­
cortisone in this study was so arousing that it impaired
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performance independent of trait arousal. Finally, that
hydrocortisone is an agent that increases arousal may
*have implications for the cause of psychosis. The well- 
documented medical finding that high doses of glucocorti-
i
coids taken for a long period can result in psychosis 
may be caused by chronically high levels of arousal.
APPENDIX
ANALYSIS OF VARIANCE TABLES
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Table 5
Treatment by Impulslvity by Practice by. Rate by Serial 
Position Analysis of-Variance Summary: Proportion of 
Words Recalled-Immediate Recall
Sum’ of Mean
Source df Squares Square F P
Treatment(T) 3 .525 .175 1.46 . 230
Impulsivity(I) 1 .157 .157 1.31 .256
T X I 3 .987 .329 2.75 . 047
Error 112 13.416 .120 *
Practice(PR) 3 .083 .028 . 784 <.500
T X PR 9 .411 .046 1.29 .240
I X PR 3 .134 .045 1.27 .286
TX I X PR 9 .528 .059 1.66 .097
Error 336 11.862 .035
Rate(R) 1 5.711 5.711 131.92 >.001
T X R 3 . 349 .116 2.69 . 050
I X R 1 . 033 .033 . 76 . 385
T X I X R 3 .039 .013 .30 . 500
Error 112 4.849 .043 *
Serial
Position(P) 2 69.972 34.986 194.26 >.001
T X P 6 . 835 .139 .77 < .500
I X P 2 .153 .077 .42 < . 500
T X I X P 6 . 399 .067 . 37 <.500
Error 224 40.343 .180
PR X R 3 .127 .042 1.16 . 327
T X PR X R 9 .305 .034 .92 <.50 0
I X PR X R 3 .018 .006 .16 <.500
T X I X PR X R 9 .248 .028 .75 < . 500
Error 336 12.311 .037
PR X P 6 .479 .080 1.27 .260
T X PR X P 16 . 358 .075 1.20 . 253
I X PR X P 6 .353 .059 .94 . 468
T X I X PR X P 18 . 821 . 046 . 73 .500
Error 672 42.181 .063
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Table 5— continued
Source df
Sum of 
Squares
Mean
Square R p
R X P 2 2.275 1.137 18.35 > . 001
T X R X P 6 .120 .020 . 32 <.500
I X R X P 2 .222 .111 1.79 .169
T X I X R X: p 6 .366 .061 .98 .438
Error 224 13.886 . 062
PR X R X P 6 1.887 .315 5.26 >.001
T X PR X R X P 18 1.395 .078 1.30 .183
I X PR X R X P 6 .313 .052 .87 <.500
T X I X PR X R
X P 18 .839 .047 • 'j 00 < . 500
Error 672 40.174 .060
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Table 6
Treatment by Impulsivity by Delay by Serial Position 
Analysis of Variance Summary: Mean Proportion of Words 
Recalled-Delayed Recall
Sum of Mean
Source df Squares Square F P
Treatment(T) 3 .327 .109 2.33 .078
Impulsivity(I) 1 .001 .001 .03 < .500
T X I 3 .160 .053 1.15 . 3 3b
Error 112 5.223 .047
Delay(D) 3 .040 .013 9.60 >.001
T X D 9 .006 .001 .52 < .500
I X D 3 .006 .002 1.45 .230
T X I X D 9 .004 .000 .30 <.500
Error 336 .468 .001
Serial
Position(P) 2 2.651 1.326 100.63 > . 001
T X P 6 .070 . 012 . 89 <.500
I X P 2 .007 .003 .25 <.500
T X I X P 6 .043 .007 .55 <.500
Error 672 .507 .001
D X P 6 . 001 .000 .19 <.500
T X D X P 18 .014 .001 1.12 .438
I X D X P 6 .007 .001 1.47 .188
T X I X D X P 18 .014 .001 1.00 . 461
Error 672 .507 .001
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Table 7
Treatment by Impulsivity by Practice by Rate by Serial 
Position Analysis of Variance Summary: Organizational 
Output
Sum of Mean
Source df Squares Square F P
Treatment(T) 3 .006 .002 .401 <.500
Impulsivity(I) 1 .000 .000 . 004 <.500
T X I 3 . 002 . 001 .134 <.500
Error 100 .487 .005
Practice(PR) 3 . 008 .003 .632 <.500
T X PR 9 .031 .003 . 773 < .500
I X PR 3 . 004 . 001 . 306 <.500
T X I X PR 9 .034 .004 .852 <.500
Error 300 1.325 .004
Rate(R) 1 . 004 .004 . 944 . 334
T X R 3 . 005 . 002 . 378 < . 500
I X R 1 . 003 . 003 .575 .451
T X I X R 3 .005 . 002 . 336 <.500
Error 100 .455 . 005
Position(P) 2 9.390 4.695 12.110 >.001
T X P 6 . 762 • .127 . 327 <.500
I X P 2 . 554 .277 .715 . .491
T X I X P 6 1.271 .212 .546 <.500
Error 200 77.539 .388
PR X R 3 .001 .000 .045 < .500
T X PR X R 9 .029 . 003 .676 <.500
I X PR X R 3 .007 .002 .476 < .500
T X I X PR X R 9 .032 . 004 . 744 <.500
Error 300 1.435 .005
PR X P 6 . 850 .142 1.408 .210
T X PR X P 18 1.826 .101 1.008 .448
I X PR X P 6 . 631 .105 1.046 . 395
T X I X PR X P 18 2.948 .164 1.628 .049
Error 600 60.363 .101
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Table 7— continued
Sum of Mean
Source df Squares Square F P
R X PR 2 .100 .050 .516 < .500
T X R X P 6 1.161 .194 1.989 .069
I X R X P 2 .048 .024 .244 <.500
T X I X R X P 6 .555 .092 .951 .460
Error 200 19.458 .097
PR X R X P 6 1.344 .224 2.633 .016
T X PR X R X P 18 .986 .055 .644 < .500
I X PR X R X P 6 .356 .057 . 698 < .500
T X I X PR X R
X P 18 1.405 .078 .917 <.500
Error 600 51.052 .085
REFERENCES
REFERENCES
Anderson, K. J., & Revelle, W. (1982). Impulsivity,
caffeine, and proofreading: A test of the Easterbrook 
hypothesis. Journal of Experimental Psychology:
Human Perception and Performance, 8_, 614-624 .
Applezweig, M. H., & Baudry, F. D. (1955). The
pituitary-adreno-cortical system in avoidance learn- 
ing. Psychological Reports, 1_, 417-420.
Arnold, M. E., Petros, T., Beckwith, B. E., Coons, G., & 
Gorman, N. (in press). The effects of caffeine, 
impulsivity, and sex on memory for word lists. 
Physiology and Behavior,
Audry, D. K., & Luttges, M. W. (1971). Facilitated 
habituation: Strychnine dose response effects on
neural and behavioral habituation. Agents Actions, 1_, 
103-37.
Barnett, S. A. (1958). Physiological effects of "social 
stress" in wild rats: The adrenal cortex. Journal 
of Psychosomatic Research, 3^, 1.
Barondes, S. H., & Cohen, H. D. (1968). Arousal and the 
conversion of "short term" to "long term" memory. 
Proceeds of the National Academy of Science, U.S.A., 
61, 923-929.
78
79
Beatty, P. A., Beatty, W. W. , Bowman, R. E., & Gilchrist 
J. D. (1970). The effects of ACTH, adrenalectomy, 
and dexamethasone on the acquisition of an avoidance 
response in rats. Physiological Behavior, 5_, 939-944 
Beckwith, B., Antes, J., & Webster, T. (1985). The
effect of hydrocortisone on visual threshold in males 
Unpublished manuscript. University of North Dakota. 
Beckwith, B., Freeland, J., & Petros, T. (1985). The 
effect of hydrocortisone on free recall. Unpublished 
manuscript. University of North Dakota.
Beckwith, B. E., Lerud, K., Antes, J. R., & Reynolds,
B. W. (1983). Hydrocortisone reduces auditory sen­
sitivity at high tonal frequencies in adult male. 
Pharmacology, Biochemistry, and Behavior, 19, 431-433 
Beckwith, B., Petros, T., Scaglione, C., & Nelson, J. 
(1986). Dose dependent effects of hydrocortisone on 
memory in human males. Physiology and Behavior, 36, 
283-286.
Bohus, B. (1970). Central nervous structures and the 
effect of ACTH and corticosteroids on avoidance be­
haviour: A study with intracerebral implantation of
corticosteroids in the rat. In: Pituitary, adrenal, 
and the brain, edited by DeWied and J, A. W. M. 
Weijnen. Progress in Brain Research. Amsterdam:
Elsevier, 32, 171-184.
80
Bohus, B., de Kloel, E. R., & Veldhuis, H. D. (1982).
Adrenal steroids and behavioral adaptation: Relation­
ship to brain corticoid receptors. In D. Ganten and 
D. Pfaff (Eds.), Adrenal actions on brain (p. 125).
New York: Springer-Verlag, 107-148.
Bolton, S., & Null, G. (1981). Caffeine: Psychological 
effects, use and abuse. Journal of Orthomolecular 
Psychiatry, 1_0 (3), 202-211 .
Breen, R. A., & McGaugh, J. L. (1961) . Facilitation of 
maze learning with post trial injection of picrotoxin. 
Journal of Physiological Psychology, 54, 498-501.
Brodie, D. A., & Prytulak, L. S. (1975). Free recall 
curves: Nothing but rehearsing some items more or
recalling them sooner? Journal of Verbal Learning 
and Verbal Behavior, 114, 549-563.
Bronson, F. H., & Eleftheriou, B. E. (1963). Adrenal 
response to crowding in peromyscus and C57BL/10J 
mice. Physiological Zoology, 36, 161.
Broverman, D. M., Vogel, W., Klaiber, E. L., Majcher, D., 
Shea, D., & Paul, V. (1981). Changes in cognitive 
performance across the menstrual cycle. Journal of 
Comparative Psychology, 95, 646-654.
Brown, J. H. V., & Barker, S. B. (1966). Basic
endocrinology (2nd ed.). Philadelphia: F. A. Davis
Company.
81
Castellano, C. (1974). Cocaine, pemoline, and ampheta­
mine on learning a:id retention of a discrimination test 
in mice. Psychopharmacologia, 36, 67-76.
Christian, J. J. (1955). Effect of population size on 
the adrenal glands and reproduction organs of male 
mice in populations of fixed size. American Journal 
of Physiology, 182, 292.
Christian, J. J., & Davis, D. E. (1956). The relation 
between adrenal weight and population status of urban 
Lowry rats. Journal of Mammalia, 37, 475.
Clarke, J. R. (1953). The effect of fighting on the 
adrenals, thalamus, and spleen of the vole (microtin 
agrestin) . Journal of Endocrinology, 9_, 14.
Del Rio, J. (1971) . Facilitation of some chlorpromazine-D 
amphetamine mixtures on avoidance learning. Psycho­
pharmacologia, 21, 39-48.
Depue, R. (Ed.). (1979). The psychobiology of the
depressive disorders: Implications for the effects of 
stress. New York: Academic Press.
di Giusto, E., Cairncross, K., & King, M. (1971). Hor­
monal influences on fear motivated behavior. 
Psychological Bulletin, 75, 4 32-4 44 .
82
DeWied, D., Bohus, B., & Greven, H. M. (1967). Influ­
ence of pituitary and adrenocortical hormones n 
conditional avoidance behavior in rats. In R. P. 
Michael (Ed.), Endocrinology and human behavior 
(pp. 219-234). London: Oxford.
Easterbrook, J. A. (1959). The effect of emotion on 
cue utilization and the organization, of behavior. 
Psychological Review, 66, 183-201.
Erikson, G. C., Hager, L. B., Houseworth, C., Dugan, J., 
Petros, T., & Beckwith, B. E. (1985). The effects 
of caffeine on memory for word lists. Physiology 
and Behavior, 35, 47-51.
Eysenck, H. J., & Eysenck, S. B. G. (1964) . Eysenck
personality inventory. San Diego, Calif.: Educa­
tional and Industrial Testing Service.
Eysenck, H. J. (1967). Biological basis of personality. 
Springfield: Thomas Company.
Flood, J. F., Bennett, E. L., Rosenzweig, M. R., & Orme,
A. E. (1977). Relation of memory formation to con­
trolled amounts of -brain protein synthesis. Physio­
logical Behavior, 15, 97-102.
Flood, J. F., Jarvik, M. E., Bennett, E. L., & Orme, A. E.
(1976). Effects of ACTH peptide fragments on memory 
formation. Pharmacology, Biochemistry, and Behavior,
1, 41-51.
83
Flood, J. F., Jarvik, M. E., Bennett, E. L., Orme, A. E., 
& Rosenzweig, M. R. (1977). The effect of stimu­
lants, depressants, and protein synthesis inhibition 
on retention. Behavioral Biology, 2 0 168-183.
Flood, J. F., Vidal, D., Bennett, E. L., Orme, A. E., 
Vasquez, S., & Jarvik, M. E. (1978). Memory 
facilitating and anti-amnesic effects of corticos­
teroids. Pharmacology, Biochemistry, and Behavior, 8_, 
81-87.
Flores, L. M., & Brown, S. C. (1974). Methods and de­
signs: Comparisons of output order in free recall.
Behavioral Research of Methodology and Instrumenta­
tion, 6^  385-388.
Gibbs, M. E. (1976). Modulation of cycloheximide-
resistant memory by sympathomemetic agents. Pharma­
cology, Biochemistry, and Behavior, 4_, 703-707 .
Gilbert, R. M. (1976). Caffeine as a drug of abuse. In 
R. G. Gibbins, Y. Israel, H. Kalant, R. E. Popham, W. 
Schmidt, & R. G. Smart (Eds.), Research advances in 
alcohol and drug problems (Vol. 3) (pp. 90-123).
New York: Wiley.
Gilliland, K. (1980). The interactive effect of 
introversion-extraversion with caffeine induced 
arousal on verbal performance. Journal of Research 
in Personality, 14, 482-492.
84
Glanzer, M., & Cunitz, A. R. (1966). Two storage
mechanisms in free recall. Journal of Verbal Learning 
and Verbal Behavior, 5^, 351-360.
Graham, D. (1978) . Caffeine— its identity, dietary 
sources, intake and biological effects. Nutrition 
Review, 3 6, 97-102 .
Haslam, D. R. (1967). Individual differences in pain 
threshold and level of arousal. British Journal of 
Psychology, 58, 139-142.*
Henkin, R. I., McClone, R. E., Daly, R., & Barttes, F. C. 
(1967). Studies on auditory thresholds in normal man 
and in patients with adrenal cortical insufficiency: 
The role of adrenal cortical steroids. The Journal of 
Clinical Investigation, 4 6, 429-435.
Henkin, R. I., & Daly, R. (1968). Auditory detection 
and perception in normal man and in patients with 
adrenal cortical insufficiency: Effect of adrenal 
cortical steroids. The Journal of' Clinical Investiga- 
. tion, 47, 1269-1280.
Henkin, R. I. (1970). The effect of corticosteroids and 
ACTH on sensory systems. Progress in Brain Research, 
32_, 279-294 .
Henkin, R. I. (1975). Effects of ACTH, adrenocorticos- 
teroids and thyroid hormone on sensory function. In 
W. E. Stumpf & L. D. Grant (Eds.), Anatomical neuro­
endocrinology (pp. 298-316). Basel: Kenger.
85
Kopell, B. S., Wittnes, W. K., Lunde, D., Warrick, G. , & 
Edwards, D. (1970) . Cortisol effects on averaged 
evoked potential, alpha rhythm, time estimation, and 
two-flash fusion^threshold. Psychosomatic Medicine, 
32, 39-49.
Kovacs, G. L., Telegdy, G., & Lissak, K. (1976).
5-hydroxytryptamine and the mediation of pituitary 
adrenocortical hormones in the extinction of active 
avoidance behavior. Neuroendocrinology, 1, 219-230.
Kuchera, H., & Francis, W. N. (1967). Computational 
analysis of present-day American English. Providence 
R.I.: Brown University Press.
Liddle, G. W. (1981). The adrenals. In R. H. Williams 
(Ed.), Textbook of endocrinology (pp. 249-292).
Mason, J. W. (1968). A review of psycho-endocrine re­
search on the pituitary-adrenal cortical system. 
Psychosomatic Medicine, 30, 57 6-605.
McEwen, B. S. (1982). Glucocorticoids and hippocampus: 
Receptors in search of a function. In D. Ganten and 
D. Pfaff (Eds.), Adrenal actions on brain (pp. 1-22). 
New York: Springer-Verlag.
Micheau, J., Destrade, C., & Soumireu-Mourat, B. (1981). 
Intraventricular corticosterone injection facilitates 
memory of an appetitive descriminative task in mice. 
Behavioral and Neural Biology, 3_1 (1) , 100-104.
86
Miller, R. E., & Ogawa, N. (1962) . The effect of 
cLdrenocorticotrophic hormone (ACTH) and avoidance 
conditioning in the adrenalectomized rat. Journal of 
Comparative Physiological Psychology, 55, 211-212.
Murphy, J. V., & Miller, R. E. (1955). The effect of 
adrenocorticotrophic hormone (ACTH) on avoidance con­
ditioning in the rat. Journal of Comparative Physio­
logical Psychology, 48, 47-49.
Myers, J. L. (197 9) . Fundamentals of experimental 
design. Boston: Allyn and Bacon, In.
Nakajima, S. (1976). Cycloheximide: Mechanisms of its 
amnesic effect. Current developments in psychopharma­
cology . New York: Spectrum, .3, 27-53.
Revelle, W. R. (1974). Introversion/extraversion, skin 
conductance and performance under stress. (Doctoral 
dissertation, University of Michigan, 1973). Disserta­
tion Abstracts International, 35, 487B. (University 
Microfilms No. 74-10,030)
Revelle, W., Amaral, P., & Turiff, S. (1976).
Introversion/extraversion, time stress, and caffeine:
The effect on verbal performance. Science. 192,149-150.
Revelle, W., Humphreys, M., Simon, L ., & Gilliland, K.
(1980). The interactive effect of personality, time of 
day, and caffeine: A test of the arousal model. Jour­
nal of Experimental Psychology: General, 109, 1-29.
87
Ritchie, J. M. (1975). Central nervous system stimu­
lants (continued), the xanthines. In L. S. Goodman 
and A. Gilman (Eds.), The pharmacological basis of 
therapeutics. New York: Macmillan.
Selye, H. (1936). A syndrome produced by diverse nocuous 
agents. Nature, 138, 32,
Selye, H. (1956). The stress of life. New York: 
McGraw-Hill.
Sloane, R. B., Davidson, P. 0., & Payne, R. W. (1965). 
Anxiety and arousal in psychoneurotic patients.
Archives of General Psychiatry, 13, 19-23.
Smith, S. L. (1968). Extraversion and sensory threshold. 
Psychophysiology, 5_, 293^-299.
Spielberger, C. D. (1977) . Self-evaluation question­
naire . Palo Alto, Calif.: Consulting Psychologists 
Press.
Telegdy, G., Kovacs, G. L., & Vermes, I. (1978). Action 
of corticosteroid on brain serotonin metabolism in 
correlation with avoidance behavior in rats. Recent 
Developments in Neurobiology, 6_, 251-268 .
Thiessen, D. D., Solman, J. F., & Rodgers, D. A. (1962) . 
Relation between adrenal weight, brain cholinesterase 
activity, and hole-in-wall behavior of mice under 
different living conditions. Journal of Comparative 
Physiological Psychology, 55, 186.
88
• Uno, T. (15*2). Effect of general excitement and of
fighting on some ductless glands of male albino rats. 
American Journal of Physiology, 61, 203.
Varney, N. R., Alexander, B., & Maclndoe, J. H. (1984). 
Reversible steroid dementia in patients without 
steroid psychosis. American Journal of Psychiatry,
141, 369-372.
Wechsler, D. (1981) . Wechsler adult intelligence scale- 
revised manual. New York: Harcourt, Brace, Johanovich.
Weiss, J. M., McEwen, B. J., Silva, M. T., & Kalkut, M. T. 
(1970). Pituitary-adrenal alterations and fear 
responding. American Journal of Physiology, 218, 864- 
868.
Weiss, R., & Latties, V. G. (1962) . Enhancement of 
human performance by caffeine and the amphetamines. 
Pharmacological Review, 1_4(1), 1-36.
Weitzman, E. D., Fukishima, D., Nogzire, C., Roffwung, H., 
Gallagher, T. F., & Heilman, L. (1971) . Twenty-four 
hour pattern of the episodic secretion of cortisol in 
normal subjects. Journal of Clinical Endocrinology,
33, 14-22.
Welch, B. L. (1962). Adrenals of deer as indicators of 
population conditions for purposes of management. 
Proceedings of the First National Deer Disease 
Symposium, Athens, Ga. Feb. 13-15, University of 
Georgia Center of Continuing Education Periodical.
89
Williams, R. H. (1974). Textbook of endocrinology.
Philadelphia: W. B. Saunders Company.
Wimersma Greidanus, Tj. B. van. (1970). Effects of- 
steroids on extinction of an avoidance response in 
rats. A structure-activity relationship study.
In: Pituitary, adrenal, and the brain, edited by
•D. DeWied and J. A. W. M. Weiger. Progress in Brain 
Research, Amsterdam: Elsevier, 32_, 185-191.
Yerkes, R. M., & Dodson, J. D. (1908). The relation of 
strength of stimuli to rapidity of habit-formation. 
Journal of Comparative Neurology and Psychology, 18,
459-482.
